Acid phosphatase (AcP) activity was investigated in the testes of two species of teleosts in two seasons: summer and winter. AcP activity was detected in Sertoli cells from tilapia (Oreochromis niloticus) only during the nonreproductive period of its annual cycle, corresponding to the winter months. In kingfish (Odonthestes perugiae), the enzymatic reaction was identified during the non-reproductive period (summer) in epithelial cells of the efferent ducts but not in Sertoli cells. These data suggest that the enzyme is involved in the absorption of residual spermatid cytoplasm and as well as in the removal of spermatozoa remaining after the reproductive period. In kingfish, this heterophagous function is carried out by the efferent duct cells and not by Sertoli cells.
INTRODUCTION
One of the functions of Sertoli cells in fish is the phagocytosis of spermatid residual bodies (Grier, 1981; Andrade et al., 2001) . This role, essential in the regulation of the seminiferous tubule functioning, depends on lysosome presence. It is well known that acid phosphatase activity (AcP) is present in lysosomes of Sertoli cells, which have a heterophagous function (Van den Hurk et al., 1974; Chemes, 1986) . In rats, the digestion of residual bodies is likely to begin with autophagy in spermatids and be completed with phagocytosis of residual bodies by Sertoli cells. This phagocytic function seems to be hormone-independent (Chemes, 1986) .
In teleosts, Sertoli cells surround germinal cells in the same developmental stage, forming germinal cysts (Grier et al., 1978; Silva & Godinho, 1989; Weltzien et al., 2002) . Tilapia (Oreochromis niloticus) belongs to the family Ciclidae, and is bred all over the world. While in tropical climates the fish is able to reproduce all year round, in temperate climates, such as southern Brazil, reproduction is cyclical with two distinct seasons: a reproductive period during spring and summer (October to March) and a nonreproductive period in winter (May to August). Tilapia has an unrestricted type of testis arrangement (Grier et al., 1980) , in which spermatogonia appear along the length of tubules (Fig. 1A) .
Kingfish (Odonthestes perugiae) is a freshwater fish belonging to the family Atherinidae. It reproduces like tilapia via external fertilization; its reproductive period extends from late winter to spring (from August to October). The seminiferous tubules are organized in a restricted manner. The spermatogonia are located in the distal region of the tubules, and later stages of spermatogenesis are progressively distributed in sequential order from the surface to the center of the testis (Porawski, 1994) . In testes organized according to the restricted spermatogonial testis type (Grier et al., 1980) , the efferent duct system links the seminiferous tubules to the deferent duct (Fig. 1B) . A number of authors agree that these efferent ducts are formed by modified Sertoli cells (Grier et al., 1980; Grier, 1981; Selman & Wallace, 1986) . However, the epithelial cells of the efferent ducts are morphologically very different from Sertoli cells that form germinal cysts (Porawski, 1994; Porawski et al., 1997a) . The aim of the present work was to determine the localization of AcP activity in the testes of two teleostean fishes (Oreochromis niloticus and Odonthestes perugiae) in order to identify the cell type responsible for the phagocytic function.
MATERIAL AND METHODS
Adult male specimens of kingfish (Odonthestes perugiae) were captured in the Pinguela Lake, Osório, RS, in winter (June to August) and summer (December to February). Adult male specimens of tilapia (Oreochromis niloticus), were bred and kept in the Aquaculture Laboratory of the Agronomy College, UFRGS, under natural photoperiod and temperature conditions.
The gonads used in this study were found to be in two distinct conditions: a) mature gonads (producing sperm) corresponding to the "reproductive period", identified as the summer months in the case of the tilapia (15) and in the winter months in the case of the kingfish (10); b) inactive gonads (no semen present) corresponding to the "nonreproductive period", identified in the winter months in the case of tilapia (12) and in the summer months in the case of the kingfish (10).
Animals were decapitated and their gonads removed, dissected, and fixed in 4% paraformaldehyde (REAGEN) diluted in 0.1 M phosphate buffer pH 7.4 (PB) at 4 o C, for 6 hours. They were then cryoprotected in 15% and 30% sucrose (MERCK) solutions in PB at 4 o C with continuous agitation until they sank. Sections (15 µm) were obtained using a cryostat (Leitz Digital), placed onto gelatinized coverslips, and air dried for 10-20 minutes. The sections were incubated at 37 o C for 2 hours in a medium containing sodium-ß-glycerophosphate (SIGMA), lead nitrate, trismaleate buffer pH 5.0 (TMB). The enzymatic reaction was developed with ammonium sulfide (MERCK), washed again, and covered with a glycerin-jelly solution and slides. Control sections were incubated in a medium without substrate (Gomori, 1952; Pearse, 1972) . Then sections were examined and photographed with a Nikon ptiphot-2 microscope equipped with a Nikon FX-35DX camera.
RESULTS
Tilapia and kingfish testes displayed AcP activity in specific seasons of the year. Nevertheless, in both species the reaction was differently distributed across the testicular area. The enzymatic reaction appeared as a brownish granular precipitate in the cell cytoplasm. Control sections of both species did not develop any reaction.
In tilapia testis, AcP reaction was only detected in cold months (July and August), corresponding to the non-reproductive period ( Fig. 2A) . No enzymatic activity was identified in the summer (Fig.  2B) , while in winter the reaction was not uniformly distributed in the testis. Intense positive activity occurred in the germinal cysts located closer to the deferent ducts, while the peripheral zone displayed a mild reaction ( Fig. 2A) . In the germinal cyst, the enzymatic activity was detected in the outermost region which is occupied by Sertoli cells. The cytoplasm of these cells showed uniform distribution of positive granules, which gave a homogeneous aspect to the reaction (Figs. 2C and 2D ). Positive reactivity was also detected in the apical zone of deferent duct epithelial cells.
In the kingfish testis, the enzymatic activity was only observed in the nonreproductive period of its seasonal cycle, which goes from spring to summer (Porawski, 1994) . When detected, AcP reaction was also not uniformly distributed. No enzymatic reactivity occurred in the seminiferous tubules, where the germinal cysts are located (Fig.  2E) . However, an intense enzymatic reaction was found throughout the efferent duct, where the lumen is full of spermatozoa (Figs. 2E and 2F ). In the cytoplasm of the simple columnar epithelium lining the efferent ducts, a strong enzymatic reaction appeared which was homogeneously distributed in the apical domain. No reaction was identified in other areas of the cytoplasm (Fig. 2F) . However, an intense reaction was observed in the epithelial cells of the deferent duct (DD) (Fig. 2E ). 
DISCUSSION
In tilapia and kingfish testes, positive AcP activity was observed only in the nonreproductive period. Acid hydrolases in lizard epididymis showed different activity in the reproductive cycle. In Phymaturus palluma, acid hydrolytic activity was intense in the nonreproductive period. However, in another lizard species, Liolemus elongatus, the activity of acid hydrolases was intense in the reproductive period (Grimalt et al., 1995) . These authors postulated that the epididymal acid hydrolases may be under hormonal control in the studied lizards. On the other hand, AcP activity is not hormonedependent in rats (Chemes, 1986) . But the human testicular acid phosphatase gene was found to be up-regulated by androgens and down-regulated by estrogen (Yousef et al., 2001 ). In addition, intense α-mannosidase activity in the epididymal epithelium of horses occurred in the period of testicular inactivity, which indicates that this enzyme may participate in the removal of spermatozoa remaining after the reproductive period (Álvarez & Obregón, 1995) . Therefore, epididymal acid hydrolases may be under hormonal control during the reproductive period and/ or playing a role in the process of organ remodeling (Grimalt et al., 1995) . Therefore, we can suppose that testicular acid phosphatase activity in both fish species may be involved in the removal of spermatozoa remaining after the reproductive period, because this enzymatic activity only appeared in nonreproductive periods.
During the nonreproductive period in tilapia, positive AcP activity appeared in those testicular regions lying close to the deferent duct and within the duct itself. Therefore, AcP-containing lysosomes were found in Sertoli cells of cysts in more advanced stages of spermatogenesis. This finding indicates involvement of these cells in the phagocytic function. Contrarily, in the nonreproductive period of the kingfish, negative AcP activity was observed in Sertoli cells, showing an absence of enzymatic reaction in germinal cysts. However, an intense, uniformly distributed reaction was identified in the efferent duct epithelia. The presence of AcP-containing lysosomes in the efferent duct cells, and not in Sertoli cells of germinal cysts, shows that the absorption of spermatid residual bodies takes place mainly in the efferent ducts, and such cells play an important role in regulating seminiferous tubule functioning. According to some authors, the phagocytic function presented by these cells is typical of Sertoli cells but not of other cell types (Grier et al., 1980; Grier, 1981; Selman & Wallace, 1986) . Nevertheless, AcP-containing lysosomes are similarly found in spermatogonia and late spermatids in rat testis, and a significant increase in AcP activity is observed in the Golgi complex during spermiogenesis (Chemes, 1986) . In Bubalus bubalis, a granular distribution of AcP was present in the luminal region of the epithelium of the efferent ductules and in the epididymis (Ariyaratna et al., 1996) . In addition, the horse testis presents AcP activity in epididymal cells as well as in isolated cells of the epididymal lumen. Both cells seem to be involved in removal of injured spermatozoa as well as sperm excess remaining after the reproductive period (Álvarez & Obregón, 1995) . Hence, in kingfish, efferent duct cells would act in the same way as horse epididymal cells, presenting or having a spermatophagous function by reabsorbing sperm not employed during the reproductive period, in addition to the function of reabsorbing spermatid residual bodies (Álvarez & Obregón, 1995) .
Therefore, the presence of AcP seems not to be an exclusive characteristic of Sertoli cells. Further studies are needed to determine the nature of the cells that constitute the efferent duct in kingfish testis and their role in seminiferous tubule functioning. The efferent duct system in kingfish seems to play a major role in the spermiogenesis of this species, as it lies in an advantageous anatomical position, between germinal cysts and the deferent duct, i.e., between the sites of production and release of spermatozoa. Furthermore, the region of efferent ducts is characterized by the presence of a great number of lipids (Porawski, 1994) , a developed capillary network in the interstitial region adjacent to the ducts (Porawski et al., 1997b) , and the presence of AcP activity in the cytoplasm of the cells that constitute these ducts involved in the absorption processes.
Therefore, the efferent duct system in kingfish may play different roles, such as in the absorption of spermatid residual bodies, that may influence the maturation of spermatozoa, as well as its transport and storage, in addition to having an important spermatophagous function following the reproductive period.
